Este artigo estima o efeito de uma nova rodovia sobre o preço do solo através da análise da implantação do trecho oeste do Rodoanel Metropolitano de São Paulo. Esta é uma oportunidade única, dado que o anel viário está sendo implantado em etapas. Sendo assim, é possível usar as zonas vizinhas ao traçado do trecho já construído como grupo de tratamento a ser comparado com as zonas que ainda não foram afetadas. Dado que temos uma proxy para o preço do solo antes e depois da construção, é possível estimar o impacto por diferença-em-diferença (dif-in-dif). A evidência apresentada é que existe impacto significativo e assimétrico causado pela construção da rodovia. Terrenos localizados no lado de fora do traçado construído tiveram aumento maior de preços do que aqueles localizados em zonas similares que são próximas dos demais trechos propostos. Para os terrenos localizados do lado de dentro do traçado, relativamente distante das alças de acesso (entre 2,5 e 5,0km), o efeito da implantação do trecho foi o relativo declínio dos preços do solo. Estes resultados são relevantes para as questões de financiamento dos transportes, contribuição de melhoria, taxas sobre mais-valia urbana e bem-estar.
Introduction
The purpose of this paper is to evaluate the effects of the announcement and construction of a large beltway (Rodoanel) around São Paulo Metropolitan Area (SPMA) on land prices.
According to Wheaton (1977) , one must take into account benefits and costs of road investments, which include more than the direct effects. Thus, one should look for indirect effects on land use and location decisions. One way to do that is to evaluating the impacts on land prices.
This kind of study can shed light on several planning and urban policy questions, as pointed by Bouarnet & Charlermpong (2001) . Urban economic theory states that, coeteris paribus, land value will be higher in locations that are more accessible to Central Business Districts (CBD) or other employment destinations. In order to test this hypothesis we choose Rodoanel which is the greatest road investment in the state of São Paulo. Rodoanel is a beltway around the city of São Paulo which surrounds its metropolitan area. The project of Rodoanel is divided into four sections. Currently (2012) there are two sections finished: the West and the South branch. In this paper we estimate the impact of Rodanel announcement and construction on residential land prices a posteriori.
Rodoanel is one of the biggest urban transport investments in Latin America and it has several interesting features. First the amount of the investment-US$ 1.6 billion just for the West Branch and total amount estimated in US$ 8.4 billion. Second the extension-approximately 170 km of two pairs of triple lanes for the entire beltway. Third, its role in public policy as an investment designed on the basis of robust studies and analyses that took into account environmental concerns and the results of public hearings.
A priori impact evaluation conducted by the state government shows that the West Branch of Rodoanel would have insignificant effects on residential land value and on commuting time to São Paulo downtown. This would happen because the purpose of Rodoanel is to re-direct cargo traffic passing-through the SPMA. So it would not produce accessibility gains for daily commuters from home to work. But considering the traffic problems of São Paulo and the peak-hour congestion, the West Branch of Rodoanel can be used as an alternative commuting Vladimir Fernandes Maciel, route. In that case, its effects on accessibility will be higher than estimated in the government evaluation.
Thus, following urban economic theory, the accessibility improvement caused by Rodoanel will be reflected in higher land prices. One way to deal with higher land values is to increase the density for new residential developments.
The paper is divided into three sections. Following this introduction, a first section describes the main characteristics of the Rodoanel beltway. A second section discusses the hedonic price approach to land use and housing analysis. A third section evaluates the impacts of Rodoanel announcement and construction on land prices. The concluding remarks indicate some of the policy implications of the analysis.
Rodoanel History
The idea of a beltway around São Paulo is not a new one. Since the fifties there have been projects and initial developments which were partially executed. The marginal avenues along the Pinheiros and Tietê rivers were components of two previous beltway projects.
The first beltway was planned in the thirties 1 and deployed in the sixties to surround the inner area between the rivers Pinheiros and Tietê which are the main water courses of São Paulo.
That area consists of downtown and the principal neighborhoods where services and commerce are located. Nowadays that area corresponds to the -expanded center‖ and resembles the idea of a Central Business District.
The second beltway was planned in seventies as an extension of the first one. Figure 1 . During project preparation, the main concern was the north section. The original route planned would cross the Environmental Protection Area of Serra da Cantareira, which is one of the main water sources for the SPMA (see the green area at the north in Figure 2 ).
Finally approval was granted for a new planned route in the northern area that avoided any crossings through the Environmental Protection Area of Serra da Cantareira. The strategy to implement the Rodoanel consisted in dividing its construction into four phases-each of them a section. The construction would begin by the western section which was the cheapest and the easiest. The South branch started on 2008 and was recently delivered. The Sao Paulo State is starting the process to build the third branch on the east but it will not resume before the new governor is elected. 
Hedonic Price Models and Land Use
Hedonic price models have been regularly used in applied studies since the fifties, although they were formally developed in forties (Bartik, 1987 
Where each attribute z k has a marginal β k impact over p(z), i.e., the marginal price of the characteristic or its implicit value.
According to Bartik (1987) the hedonic price function gives information about the consumer's marginal bid for an attribute in a market equilibrium situation. Thus each attribute's bid equals its marginal price. Therefore the hedonic equation is a reduced form of demand and supply simultaneous interaction system of equations. Epple (1987) and Bartik (1987) point out specification problems due to implicit markets for the characteristics. Endogenous estimation and biased coefficients may come about if supply is not perfect inelastic or if there are unobservable preferences from households. One of the attributes of houses is distance from the CBD. This characteristic refers to land use and consequently to land price. Alonso (1960) shows the trade-off between land price and distance from CBD. This trade-off is due to transport costs, which are increasing to distance as represented in Figure 3 for a linear city model.
On the other hand there are negative externalities associated to the new infrastructure. As pointed out by Bouarnet and Chalermpong (2001) , the proximity to the lanes (around 500 meters) can bring down house prices. The cause is the noise and air pollution due to the traffic.
So there are two driving forces interacting: accessibility and negative externality. The first helps to increase land prices and the second helps to decrease them. A priori we do not know which one is greater and where each predominates (around the beltway). We also associated each residential unit with its Census 1991 sector. The purpose of doing so is to get the average income information from the heads of households in the sector. Further we explain the need for this information.
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Hypotheses
Assuming the monocentric shaped city and the gradient land price according to Alonso (1960) , the main hypothesis we test is that Rodoanel West caused increases in land price on the west side of its ramps (Figure 4 -diagram on left). In spite of Rodoanel be focused on cargo transportation, we suspect that its lanes can be adopted for commuting purpose as the traffic jams in SPMA have been increasing and new routes are always looked for.
Conversely, proximity to the lanes may result in negative effects such as noise and air pollution due to traffic. These impacts tend to decrease the land price ( Figure 4 -diagram on right).
Figure 4 -Expected Effects on Land Prices after Rodoanel West Section Deployment
In summary, there are two types of effects that are not necessary exclusive: accessibility and negative externalities. We can state the hypothesis in three parts:
(1) Increasing land prices on the ‗outside' of the beltway (e.g. accessibility effect If our hypothesis is confirmed it will allow us to conclude that those who live outbound of the beltway have an improvement in accessibility, while those who live near the lanes suffer negative effects from traffic, and those who live inbound experience no effect. The consequences for public policy will be several as we discuss further.
Research Strategy
We do not want to explore specific situations of Rodoanel West Section such as informal settlements accessibilities or conflicts. We would like to find the average effects of the new highway on land prices related to its announcement and to its construction. So we adopt the traditional econometric methodology for hedonic price estimation.
The first step is to get information about land prices, which is the dependent variable here.
Embraesp dataset covers the asking prices of new residential properties, i.e. combines the value of the land and the building in the property asking price. A possible way to obtain land prices is by dividing the asking price of the housing unit(s) by the area of the land parcel area of the parcel where the unit (s) It is important to mention that these values are in reais (R$) deflated to the year of 2000. Figure 5 shows the calculated land price histogram.
This measure is imperfect because we do not have the actual cost of production. The implication is the underline assumption of a constant capital-land relation which is a very strong assumption. As we know, the relation capital-land is increasing as we approach the CBD due to higher land prices. Cheshire and Sheppard (1995) , because it brings the urban rent theory approach to the analysis. The theory suggests a trade-off between land price and distance from CBD (e.g. a trade-off between accessibility and transport costs).
We also calculate the minimum straight-line distance from each new residential unit offered for sale to the Rodoanel West Section's lanes and ramps. This allows us to define buffers for the area of influence of the road and thus the treatment group (see Figure 5 ). So we can apply difference-in-differences (‗dif-in-dif') technique in order to estimate the impacts caused by Rodoanel West Section. According to Stock and Watson (2003) , a basic dif-in-dif specification is:
Where ∆Y i can be considered as the variation on prices for the land parcel i, X i is the binary variable that informs if the land parcel is surrounding Rodoanel´s ramps and β 1 is the causal effect from the deployment of Rodoanel. We defined several treatment groups according to the interaction of site specific and period specific variables. Following Figure 1 , the time specific variables marks the three general stages for the deployment of a transport infrastructure: planning, construction and operation. But we know there are others factors driving the prices that we must take them into account.
Thus our estimator is a kind of dif-in-dif with additional regressors (hedonic price regression).
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Hedonic Price Regression Analysis
Following the methodology of Boarnet and Chalermpong (2001), Wilson and Frey (2007) and Gatzlaf and Smith (1993) we develop hedonic price regressions. 6 However we take into account Cheshire and Sheppard (1995) suggestion that linear forms of the hedonic land price model may have non-normal errors. Therefore we adopt the log-form specification. In addition to support this choice, Figure 6 shows the histogram of the natural logarithm of land prices. The distribution of the logarithm of the prices seems to be closer to the log-normal distribution. The model should consider the two groups of factors that drive the land prices as we calculated: dwelling-specific and location-specific factors. Thus the model general specification 7 is: 6 We ran the regressions in Stata 10 SE™ software.
7 Following Bartik (1987) and Cheshire and Sheppard (1995) . One option would be to adopt a panel data regression (as ‗fixed effects' methodology).
Unfortunately the micro level data are not a true panel. Each new development appears once in the sample (as noted earlier, it is not a repeated-sale database). Even if we aggregate the units for a local average it will be an unbalanced panel, with less degree of freedom. For this reason the use of pooled data and dummies seem to be more appropriate.
Take into account that we want to evaluate the effects of the Rodoanel on surrounding parcels, we have a quasi-experiment. The model that we adopt to estimate the impact of the Rodoanel on the variation of prices from surrounding parcels is a type of dif-in-dif regression.
Note that the dependent variable ln(p i ) is equivalent to Δp i / p i .
It is important to mention how the average monthly income of the head of household is computed. For all residential development launched before the announcement of Rodoanel we adopt the values from the 1991 Census. Otherwise we adopt the values from the 2000 Census.
Therefore we take into account changes in income that could drive the demand for dwelling units which may affect their prices.
Results
We run several regressions changing the control group (see Appendix). In the first regression we considered the full sample and decomposed each time-period described on Figure 1 and each group described on Table 1 . The second and the third regressions collapsed the time and site specific dummies in order to look for more general effects. Regressions 4 to 6 constrain the sample to housing located at the same distance from the CBD as the treatment groups.
Almost all control variables are significant at 1 percent and in general have the expected sign.
The variables of interest are the interaction between site location (the groups) and the timing.
For instance, the interaction between the construction period dummy and group 1 dummy would give us the (counter-factual) impact of the beltway construction on land prices within 2.5 km outbound of the beltway.
The impact of the beltway on land prices is different according to the stage of deployment.
The announcement stage brings some positive expectations about benefits, but it is not clear whether they are going to be real. Boarnet and Chalermpong (2001) point out that new highway investments cast doubt on economic agents. Those kinds of investments require huge amounts of resources and face litigations and environmental barriers. Therefore the full values of the roads are not capitalized into land prices until works are completed. In the specific case of Rodoanel West Section the discredit was expressed in non-significant changes in prices.
Later on agents can better anticipate benefits and cost.
Construction, in contrast to announcement, shows that legal and technical barriers were overcome. As a result discredit vanishes. So there is one significant effect when construction turns out to be true. Residential developments located outbound of the lanes and near the ramps face a 133 percent increase in land prices. On the other hand other locations have negative but non-significant decrease in prices, except the group that is beyond 2.5 km outbound of the road, which have a significant and negative impact. The negative impact on Group 3 is the only result that does not changes after delivery and operation. The lack of significance of the delivery suggests that capitalization have happened mainly during construction. In general, the effects for those who live inbound (e.g. closer to the CBD) are not significant. Since it does not make a lot of sense the negative sign we believe that we may be confounding the impacts on areas beyond 2.5 km with some other event that we are not able to control.
We first collapse the time variable into one major event: the physical presence of the lanes (construction and delivery). This specification reduces the time specific dummies to the simplest possible form. It assumes ‗0' for all periods before construction and ‗1'after it. The results follow the same general patterns of the decomposed regression. We then omit groups 3 and 4 and concentrate the analysis on Groups 1 and 2. Table 3 shows the results. Now we are analyzing only the land located near the ramps to Rodoanel outbound and inbound. The results are compatible with the previous ones. Rodoanel West brings accessibility benefits for those who live on the outbound of the lanes but not for those who live on the inbound side. However, the positive effects are non-significant suggesting that the net impact on land prices might have been negative. We then restrict the geography in order to compare the treatment group with more similar areas. We first impose that the site cannot be in the vicinity of any relevant transportation and Rodoanel West Section (track, ramps and buffers) 10 Then we locate these interventions using GIS software. For each intervention we create a buffer of 1.0 km around its track and dropped all new residential developments inside these buffers. The idea is that these cases cannot be considered as a control group since those households have indeed increased their accessibility in the period. The ideal control group would be households that have their accessibility not significantly affected in the period. The interesting result is that now the impact on the outbound sites is significant and it is still positive. The impact on the inbound neighborhood of the road is still significant and negative.
These results are confirming the asymmetrical impact of the highway. We then restrict the sample of new developments for which distance from CDB is at least 15.5 km (see Figure 8 ). This threshold is the closest distance to the CBD from any development in the treatment group. If the rent gradient is changing over time, using the entire sample could imply that we are confounding the impact on the (whole) gradient with the impact of the road. Concentrating on the same distance from the CBD would allow to control for such possible pattern.
As we can see the impact of Rodoanel's is still significant for the prices of Groups 1. For
Group 2 the impact are still positive but not significant. As we can see the in Table 6 , the impact of Rodoanel's operation is again positive on the prices of Groups 1 and 2, but it is significant just for the first one. The sign and significance are exactly the same found in the previous regression and the magnitude of the coefficients is very similar to the previous specification. Thus it seems that the eventual negative effects of being near the lanes are not stronger enough to overcome the benefits of accessibility. We summarize the statistically significant findings in Table 7 in order to bring about better and clear synthesis. (when compared to more restricted comparison groups -e.g. similar characteristics but distant from any relevant transport intervention and/or equally distant from CBD).
2) The different periods of deployment have different effects on land prices. Rodoanel is a huge infrastructure project that took seven years from the announcement to the beginning of operations for its first section. If we do not take this into account we will misunderstand how Rodoanel has affected land prices.
3) Residential land parcels around the track of Rodoanel have negative or null or positive price changes depending on the different sides from its lanes and the different distances from its ramps (when compared to less restricted comparison groups).
In short, the results obtained by the econometric models show an asymmetric effect of Rodoanel on land prices. Let us take the last specification as the ultimate specification to be tested in order to discuss these results (see the last column on Table 7 ). Although the results corroborate the general hypothesis of asymmetry, there are some specific differences highlighted in Box 3.
Box 3 -Expected versus Estimated Effects: conclusions 15

Original Hypothesis Conclusion
Increasing land prices on the ‗outside' of the beltway (e.g. accessibility effect predominates)
The effects are significant and positive for residential land parcels closer to the Rodoanel's ramps*.
Decreasing land prices on the vicinity of the beltway's lanes (e.g. negative externalities predominate)
The negative externality from closer proximity seems to be not significant (at least for the new residential developments).
No changes on land prices inbound the beltway (e.g. none of the effects predominate)
The effects are not significant (statistically null) for residential land parcels closer to Rodoanel's ramps**.
15 * For parcels which are located farther (beyond 2.5 km) the effects are not significant (statistically null). ** For parcels which are located farther (between 2.5 km and 5 km) the effects are negative and significant. Figure 9 shows a schematic representation of the result found: a kinked land rent gradient which is below the former land rent gradient for residential land parcels located on the right side of the ramps to the lanes and it is above the former land rent gradient for residential land parcels located up to 2.5 km on the left from the ramps to the lanes. The latter are those who really seem to obtain commuting benefits from the beltway. It should be noticed that there were no significant improvement in commuting alternatives (such as bus and commuter rail)
along the west side of SPMA during the period evaluated. increase in municipal tax revenue can only be realized by the municipalities on the west of the beltway since, as we have seen, parcels on the east side experienced a decline in land values.
Consequently the municipality of São Paulo, located on the east side of the beltway, would face a decline in property tax revenues from parcels located near the beltway.
The appropriation for commuting use of a road designed for cargo traffic, as is the case of Rodoanel, and the potential rent generated by this behavior is reflected in the congestion observed near the intersections of the beltway with radial highways in the peak-hours. 
Conclusion
This paper shows the findings from a research about the impact of the West Section of the Rodoanel beltway on land prices. We evaluate road announcement, construction and delivery/operation events. The results of the econometric methods used show that there are significant and asymmetrical effects attributed to Rodoanel.
The Roadanel construction and delivery/operation increase land prices of parcels located closer to ramps on the west side of the track. The connection between the beltway and the radial highways may be providing new commuting routes to the São Paulo CBD.
For parcels located on the east side of the beltway, relatively far from the track (between 2.5 km and 5 km), the effects of construction and delivery/operation have the opposite effect:
these parcels face a decline in land prices.
These micro-level results must be computed and taken into account when considering the application of transportation finance with betterment levies and value capture policies, for welfare considerations and also for equity and political reasons. 
